Background: Chronic fatigue syndrome (CFS) is a chronic incapacitating illness that affects between 400,000 and 800,000 Americans. Despite the disabling nature of this illness, scant research has addressed the economic impact of CFS either on those affected or on the national economy.
Background
Chronic fatigue syndrome (CFS) is an illness defined by disabling physical and mental fatigue and physical and mental symptoms that are not explained by conventional medical and psychiatric diagnoses [1] . CFS affects between 400,000 and 800,000 people in the United States [2, 3] and has an average duration of 5 years, but symptoms can persist as long as 20 years [4] . The prognosis for recovery of severely ill CFS patients is poor [5, 6] . Despite CFS's disabling, enduring, and prevalent nature, scant studies have quantified its impact on the health and wellbeing of those affected, on the health care system, or on society as a whole.
The burden of CFS is poorly recognized, and the illness remains an inadequately managed health problem. Two population-based studies of CFS have been conducted in the United States, and both found that CFS is one of the more common chronic illnesses among women across all racial/ethnic groups and that less than 20% of those who suffer from CFS have been diagnosed by a health care provider [2, 3] . Only three studies, all of which were clinic based, have attempted to quantify the impact of CFS, and each showed that people with the syndrome were likely to have lost their job or to be unemployed [6] [7] [8] . In addition, it was shown that persons with CFS pose a disproportionate burden on the health care system and their families since they are sick for long periods of time and since there is no known cure for the illness [9] .
The study reported herein is the first attempt to develop more generalizable results concerning the impact of CFS. To this end, we derived quantitative measures of lost productivity by interviewing persons identified as having CFS and non-fatigued people who were representative of the general population of Wichita, Kansas. We assessed the economic burden of CFS on afflicted individuals and on society as a whole and found that lost productivity in the United States amounted to an annual loss of $9.1 billion or about $20,000 per afflicted person.
Methods

Study Design
This study adhered to human experimentation guidelines of the U.S. Department of Health and Human Services. All participants were volunteers who gave informed consent. The Centers for Disease Control and Prevention (CDC) Human Subjects Committee approved study protocols. Details of the population-based study to estimate the prevalence and incidence of CFS in the adult population of Wichita, Kansas, have been published [2] . In brief, the study used random-digit dialing to screen about 56,000 persons between 18 and 69 years of age. Those reporting fatigue of at least one-month duration and randomly selected non-fatigued respondents were interviewed in detail on the telephone to ascertain demographic characteristics, previous diagnosis of medical or psychiatric conditions that excluded classification as CFS, symptoms, occupation, and household income. People who were suspected to have CFS on the basis of the detailed interview were invited to participate in a clinical evaluation to determine if they did indeed have CFS or some other illness.
For analysis, subjects were classified into the "non-fatigue group" (n = 3,634) if they did not report fatigue during the telephone interview or into the "fatigue group" (n = 3,528) if they reported fatigue lasting ≥1 month. The fatigue group was further divided into 3 subgroups: those with "prolonged fatigue" (n = 2973), those with "suspected CFS" (n = 555), and those with "CFS" (n = 43). Fatigue group respondents were classified into the prolonged fatigue subgroup if they reported fatigue lasting ≥1 month but did not fulfill criteria for CFS. Fatigue group respondents were classified into the suspected CFS subgroup if they met the CFS case definition based on selfreported telephone interview responses, and they were classified into the CFS subgroup if clinical evaluation confirmed a diagnosis of CFS.
To estimate lost productivity due to CFS, data were obtained from individual responses to the detailed interview and clinical evaluation. The detailed interview and subsequent analysis provided individual responses and classifications for current employment status, categorical household income, age, sex, ethnicity, level of education, duration and classification of fatigue, and occupation. In addition, responses and analysis detailed household chores prior to and during fatigue and medical and psychiatric conditions. The clinical evaluation and subsequent independent review determined those individuals with CFS and those with exclusionary medical conditions from the suspected CFS group. Table 1 summarizes the descriptive statistics for the study groups.
Analysis
The economic theory of human capital is the basis of the simulation model we used to estimate the impact of CFS. The human capital approach models an individual's productivity (in terms of employment and earnings) as a function of human capital characteristic's such as age, education, occupation, and health status [10] [11] [12] [13] , and it hypothesizes that specific attributes of workers are valued in the marketplace; thus, it recognizes differences among individuals in terms of their experience, training, education, and other characteristics that are valued in labor markets. Just as machines or other productive capital involve investment that lead to future returns, human capital requires investments in schooling, health, apprenticeships, and other skill-building that may pay off in higher future wages. We treat illnesses, such as CFS, as a negative shock, which may potentially negatively affect an individuals' ability to achieve returns on their human capital, given the severity of the illness. Therefore, the human capital framework enables us to examine the impact of CFS on the ability to work and, given work, on pay.
To estimate productivity loss, we employed methods developed as part of the RAND Health Insurance Experiment microsimulation [14] [15] [16] . Table 2 explains the twostep microsimulation approach that first used logistical regression to predict employment and then ordinary least squares regression to estimate expected income, conditional on employment, for the fatigue and non-fatigue groups. The expected decline in employment and income, given employment, would most likely stem from the change in health status that resulted from the CFS diagnosis. The two-step model provided consistent and efficient estimates through better exploitation of the sample characteristics of the household income distribution [15, 17, 18] .
The dependent variables for our analysis are an indicator variable for employment and a continuous measure of household income. Individuals were coded as participating in the labor force if they reported that they were currently employed. Household income was collected as a categorical variable. We defined household income at the mid-point for each category to develop a continuous measure, and the top category was coded at the truncation point of $100,000. Since we used household income as the dependent variable in the income regression, we ideally would control for marital status and household composition in the regression. Unfortunately, this information was not included in the Wichita survey.
Ideally, personal income per household member is the desired proxy to more accurately estimate individual and Step Equation
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. Divide the study sample data into two groups: Fatigued (F), N = 3,528, and Non-Fatigued (NF), N = 3,634. Estimate logistic regressions to obtain the probability that an individual is employed for F Then, apply the smearing adjustment to the exponent of these F and NF products, as shown in equations 4a and 4b, to correct for the "retransformation" bias that arises from estimating impacts using loglinear models and to protect against data issues such as heteroskedasticity 1 Calculate estimated number of individuals with CFS nationally by age and sex. Using the Wichita Prevalence Study data, calculate the prevalence of CFS per 100,000 by age and sex cells and then use national population data from the Current Population Survey to calculate the number of individuals in each age and sex category with CFS. 9. Calculate individual and societal productivity losses due to CFS. Compute the difference between predicted mean total productivity without and with F, (E[Y/NF]-E[Y/F]), by age and sex category to estimate the individual loss for each age and sex cell and then multiply these differences for each sex and age cell by the estimated by number of individuals with CFS nationally in each cell and sum across the cells to estimate the total societal cost of lost productivity due to CFS. national productivity loss. Personal income per household individual allows one to distinguish between productivity losses resulting from CFS affliction versus productivity losses stemming from household members assuming caregiver roles at the expense of their employment productivity. Ideally, when estimating individual productivity loss from CFS, one should distinguish between the productivity loss associated with CFS affliction and that associated with the assumption of caregiver roles at the expense of employment productivity.
The national productivity loss estimate should include both to reflect accurately the total national reduction in employment productivity stemming from CFS. However, given the structure of the Wichita Study questionnaire, a recorded change in household income stems from an individual within that household acquiring CFS; thus it captures productivity losses that result directly from CFS affliction and indirectly from the assumption of caregiver roles by non-afflicted household members. To date, CFS research reports a clear reduction in hours worked by those afflicted directly with CFS; thus, we believe that the annual productivity loss due to assuming caregiver roles is small. Therefore, using household income from the Wichita Study to estimate annual, national productivity loss should realize an accurate estimate, but the reported average individual productivity loss may be somewhat biased because of the inability to distinguish productivity losses associated with individuals afflicted with CFS versus productivity losses associated with household members assuming a caregiver role.
The independent variables include an indicator variable for female and continuous variables for age and agesquared to capture any non-linear effect of age on income. This effort used indicator variables for black and Latino on the basis of self-reported race and ethnicity, for education on the basis of self-reports of the highest level of education completed, for occupation on the basis of self-reports of current or most recent occupation, and for the presence of select health conditions and illnesses on the basis of self-reports of whether the individual had ever been diagnosed or treated by a physician for the conditions or illnesses.
Bootstrap standard errors were calculated for the estimated declines in employment, income given employment, and total productivity derived from the microsimulation model by age and sex cell. Bootstrap errors were calculated to test the sensitivity of the microsimulation to sampling error. Employment declines were all significant at the 95 percent confidence level. For female age cells, income declines were significant at the 95 percent level for the 18 to 34 and 50 to 69 age cells and at the 90 percent level for the 35 to 49 year age cell. Income declines estimated for males were not significant. This may result because low earning males exit the labor force and higher earning males retain employment, causing the mean earnings of those with employment to rise. Overall, the total declines in productivity estimated under the model were significant at the 99 percent confidence level with the exception of males 18 to 34 and 35 to 49 years of age, which were significant at the 90 percent level.
We conducted sensitivity tests on key assumptions of the simulation model. We examined how the decision to model male and female productivity separately impacted estimated productivity losses, and we examined the sensitivity of the model to the demographic characteristics of the sample of individuals with CFS. Aggregate productivity loss varied by less than 17 percent.
Results
CFS Prevalence
Based on the prevalence of CFS in Wichita, Kansas, we estimated that 454,439 individuals nationwide suffered from CFS. Women aged 18 to 69 represented 82% (373,891) of those afflicted with CFS and men aged 18 to 69 represented the remaining 18% (80,548).
Productivity Loss
We hypothesized that persons with CFS have lower employment rates and income relative to those with similar characteristics without CFS. The microsimulation first applied logistic and ordinary least squares regressions to estimate expected employment and income, respectively, for individuals in the fatigue and non-fatigue groups ( Table 3) . The sign and magnitude of the coefficient estimates for the independent variables in the regressions are 1 in-line with human capital theory and with the results of similar models in the employment literature. For example, coefficient estimates show that relative to high school graduates, individuals with less than 12 years of education have lower employment rates and income and those with education beyond high school have greater employment rates and income in both the fatigue and non-fatigue regressions. In addition, in fatigue and non-fatigue regressions, employment rates and income increase with age, but at a declining rate, and being female has a negative effect on both employment and income. The regression results indicate that individuals who are black have lower employment rates and income. The results for Latinos are not significant except for a negative impact on income in the non-fatigue regression. Having been diagnosed or treated for a medical condition included in the regressions generally resulted in lower employment rates and income. When the opposite signs were observed, the results were not significant and thus may have been the result of small sample size.
Although the regression results for the fatigue and nonfatigue groups are both consistent with the human capital approach, there are some differences. First, the intercept in the fatigue regression is lower than that in the non-fatigue regression for the employment and income model, generally indicating fatigued individuals are less likely to work and have lower income when working than non-fatigue individuals. Also, the CFS coefficient in the fatigue regression is negative in the employment and income model. The income effect is small and not significant; however, the employment impact is substantial and significant. Given the confidence intervals, the other coefficient estimates are generally similar in the fatigue and non-fatigue regressions. One exception is the female coefficient in the employment model. Being female has less of a reduction on employment for individuals who are in the fatigue group than for the non-fatigue group. Another exception is the age coefficient in the employment model, which indicates that employment does not increase as quickly with age for individuals who are in the fatigue group compared with the non-fatigue group.
The differences in the coefficients in the fatigue and nonfatigue regressions translate into substantial declines in employment resulting from CFS for individuals of all age and sex groups (Table 4) . For women and men, we estimated about a 27% reduction in employment attributable to CFS. Overall, employment declined from 72.5 to 54.8% for women and from 86.1 to 63.3% for men. These reductions in employment combined with reductions in hours worked and in productivity per hour resulted in reductions in household and labor force productivity of 37% and 54%, respectively. Women suffered substantially greater household and labor force productivity losses (42 and 63%, respectively) than men (4 and 32%, respectively). Table 3 also displays the estimated annual dollar loss per individual and the annual productivity loss for the nation due to CFS. The microsimulation estimated that individuals with CFS lost approximately $20,000 annually, which implies a total societal loss in 2002 of $9.1 billion. Twenty-five percent ($2.3 billion) resulted from lost household productivity, and the remaining 75% ($6.8 billion) from lost labor force productivity. Women represented 82% of those with CFS and 87% of the productivity losses. The total loss per woman was slightly higher than the loss per man, about $21,000 compared with about $15,000.
The individual and national annual estimated loss of $20,000 and $9.1 billion respectively stems from a point prevalence of 235 per 100,000 for the Wichita Study. The confidence interval surrounding the point prevalence estimate is 142 to 327 per 100,000, which yields an individual and national estimate range of $12,000 to $28,000 and $5.5 billion to $12.7 billion, respectively.
Additionally, this research valued household productivity at the average hourly wage for a service industry worker as estimated on the basis of the March Supplement of the Current Population Survey 2002, which is $9.20. This was because CFS mostly affects females. Using average service industry worker wage rates by age and sex is plausible if incidence amongst males and females was similar. Because the incidence of CFS amongst males was much lower than females, the additional burden of obtaining and using average service industry worker wage rates by age and sex to estimate annual household productivity loss from CFS did not justify their use.
Discussion
The magnitude of the economic impact imposed on the individual and on society by CFS is substantial. Approximately one-quarter of persons with CFS, who would otherwise have participated in the labor force, ceased working. For those who continued to work, average income declined by one-third. This represents an estimated annual loss of almost $20,000 for the individual suffering from CFS. This magnitude of loss approximates half of their labor force and household productivity in a given year. The $9.1 billion national loss is comparable to that estimated for other illnesses, such as digestive system illnesses ($8.4 B) and infectious and parasitic diseases ($10.0 B) [19] and is greater than the estimated productivity losses from immunity disorders ($5.5 B), nervous system disorders ($6.4 B), or skin disorders ($1.3) [23] . This estimate does not include health care costs, which are likely to be substantial and does not address reductions in quality of life, which are likely to be large due to the debilitating fatigue.
We estimated annual lost productivity. However, CFS is a chronic illness. The average duration of CFS identified in population studies is 5 years and most patients with CFS seen by health care providers have been ill for more than 6 years [20] . Thus, productivity losses, health care expenses, and reductions in quality of life continue for many years for most affected individuals and thus would have a substantial long-term impact on the standard of living of individuals with CFS and their family members.
Some limitations should be considered when interpreting our results and considering future studies. The prevalence estimates we used are likely to understate the number of individuals affected by CFS since the Wichita study was designed to estimate point prevalence. Forty-three participants were classified as having CFS at baseline because they fulfilled all criteria of the case definition at the time of clinical evaluation. The study continued an additional 3 years, during which the cohort was interviewed annually, and over the entire study, 90 persons were identified as having CFS. Incident CFS was extremely rare, most of the 47 cases identified during subsequent years reported they had been ill with CFS for many years but were in partial remission during previous interviews and so had not acknowledged symptoms at that instant in time. Prevalence estimates from the CDC Wichita Study are about half those estimated for a study of CFS in a Chicago population [3] . To the extent that the Wichita Study underestimated prevalence, the productivity loss estimates derived in this study are likely to be proportionally understated. Thus, we believe that the productivity loss estimates presented here are a lower bound on the losses related to CFS. In addition, as patients with CFS recover they may no longer fulfill all case-defining criteria but may still have reductions in income because they lost job tenure and experience at the time of their illness. Thus, these individuals should be included in productivity loss estimates.
We used the human capital approach to estimate lost productivity rather then the friction cost method. Several studies that have compared indirect costs of illness by both methods show that the human capital approach potentially overestimates indirect costs related to illness because it does not account for labor scarcity. We take the view that labor markets clear relatively quickly, and that the hypothetical unemployed worker who takes the job vacated by the CFS victim would have soon found employment at about the same wage anyway. For individuals with CFS, we reduced the value of household productivity by the same percentage as the reduction in their labor force income due to the presence of CFS. This con- servative approach also based its estimate on reductions in labor productivity among those individuals with CFS who remained in the labor force after the onset of their illness. The severity of the illness for these individuals was likely to be much less than that of individuals with the illness who exited the labor force. While there are many difficulties in precisely estimating the costs of illnesses such as CFS because of human factors that are difficult or impossible to quantify, this estimate documents the dimension and magnitude of the stark economic impact that CFS has on individuals, households and on the nation.
Conclusions
Lost productivity due to CFS was substantial both on an individual basis and relative to national estimates for other major illnesses. CFS resulted in a national productivity loss comparable to such losses from diseases of the digestive, immune and nervous systems, and from skin disorders. The extent of the burden indicates that continued research to determine the cause and potential therapies for CFS could provide substantial benefit both for individual patients and for the nation.
